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Objectives. We reviewed changes in blood glucose, blood pressure, and
cholesterol levels among American Indians and Alaska Natives between 1995
and 2001 to estimate the quality of diabetes care in the Indian Health Service
(IHS) health care delivery system.

Methods. We conducted a cross-sectional analysis of data from the Indian
Health Service Diabetes Care and Outcomes Audit.

Results. Adjusted mean Hemoglobin A1c (HbA1c) levels (7.9% vs 8.9%) and
mean diastolic blood pressure levels (76 vs 79 mm Hg) were lower in 2001 than
in 1995, respectively. A similar pattern was observed for mean total cholesterol
(193 vs 208 mg/dL) and triglyceride (235 vs 257 mg/dL) levels in 2001 and 1995,
respectively.

Conclusions. We identified changes in intermediate clinical outcomes over the
period from 1995 to 2001 that may reflect the global impact of increased re-
source allocation and improvements in processes on the quality of diabetes care,
and we describe the results that may be achieved when community, health pro-
gram, and congressional initiatives focus on common goals. (Am J Public Health.
2005;95:1518–1522. doi:10.2105/AJPH.2004.053710)
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METHODS

Setting and Design
Because the IHS is an integrated health

services delivery system, individual Indian
tribes have the opportunity to become in-
volved in developing and managing health
care programs that target locally defined
needs. IHS services are provided through
both federally managed and tribally con-
tracted and operated health programs. The
federal system consists of 36 hospitals, 61
health centers, 49 health stations, and 5
residential treatment centers. American In-
dian and Alaska Native tribes are responsi-
ble for managing 13 hospitals, 158 health
centers, 28 residential treatment centers,
76 health stations, and 170 Alaska village
clinics. In addition, a variety of health and
referral services are provided through 34
urban Indian health projects.14 We exam-
ined selected intermediate clinical out-
comes of IHS diabetes care between 1995
and 2001.

IHS Diabetes Program
The IHS National Diabetes Program (NDP),

now known as the IHS Division of Diabetes
Treatment and Prevention, was established
in 1979, initiated as a result of the Indian
Health Care Improvement Act of 1976. The
NDP was charged with combating the dia-
betes epidemic in American Indians and
Alaska Natives by using models of diabetes
care and prevention that were based on med-
ical, public health, and community models. In
the mid-1980s, the NDP, in conjunction with
clinicians, created guidelines designed to im-
prove care and outcomes among patients with
diabetes seen in IHS, tribal, and urban pro-
gram facilities.15

The NDP also identified key variables to
measure patient care, track intermediate
clinical outcomes, and provide ongoing sur-
veillance of care practices. In 1986, these
guidelines and measures became the IHS
Standards of Care for Diabetes. Simultane-
ously, the annual Diabetes Care and Out-
comes Audit, which monitored key variables

Rates of morbidity and mortality among peo-
ple with diabetes mellitus can be improved by
controlling blood glucose, blood pressure, and
lipid levels.1–5 Health care systems can help
people better control their diabetes by allocat-
ing resources to and ensuring the quality of a
broad array of population-based and individu-
ally targeted education, nutrition, and medical
therapies.6–9 Glucose, blood pressure, and
lipid control can therefore be used globally
as an indicator of the quality of diabetes care
services within a particular health care deliv-
ery system.

The Indian Health Service (IHS) is a feder-
ally operated system that provides health
care, along with tribal and urban programs,
to more than 1.5 million American Indians
and Alaska Natives, of whom approximately
100000 have been diagnosed with diabetes.
Assessing the quality of diabetes care in the
IHS health care delivery system is important
for 2 major reasons. First, in addition to this
population’s disproportionately heavy burden
of diabetes, American Indians and Alaska
Natives with diabetes appear to be at particu-
larly high risk of developing complica-
tions.10–13 Thus, delivery of high-quality care
is an important strategy to eliminate the
health disparities that result from diabetes in
this population.

Second, in the past decade, a substantial re-
focusing on diabetes has been undertaken by
communities, health systems, and Congress.
This focus has resulted in an increased inter-
est in federal agency performance measure-
ment and reporting as a means of judging
effectiveness and maintaining accountability.
We estimated quality of diabetes care in the
IHS health care delivery system by examining
system-level changes in blood glucose, blood
pressure, and lipid control over the period
from 1995 to 2001.
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at local facilities, was created and imple-
mented.16 Both the IHS Standards of Care
for Diabetes and the Diabetes Care and Out-
comes Audit measures have been revised pe-
riodically to reflect new scientific findings and
improvements in clinical practice.

Special Diabetes Program for Indians
The Special Diabetes Program for Indians

was established by Congress as part of the
Balanced Budget Act of 1997. Built up in
stages by additional legislation, it currently
provides $150 million per year to the IHS
to establish grants aimed at preventing and
treating diabetes. Tribes and tribal leaders,
urban Indian organizations, and IHS staff
were included in the development of the
grant program. A tribal leaders diabetes
committee, formed as a partnership between
tribes and the IHS, provided guidance on
diabetes and grant program issues. Grants
were awarded to 318 programs under 286
administrative organizations within the 12
IHS areas. Twenty-seven grants were awarded
to IHS programs, 33 were awarded to urban
programs, and 258 were awarded to tribal
programs.

Approximately two thirds of grant activities
focused on primary and secondary preven-
tion, with the remaining activities focused on
tertiary prevention. Examples of the wide
range of grant activities included use of tradi-
tional approaches, such as story-telling and
talking circles, and use of traditional herbs or
medicines to help support and influence posi-
tive diabetes self-management behaviors.
Most grantees established new or improved
existing diabetes teams and clinics, created
diabetes registries and related data systems,
and augmented health care staff, including
nutritionists and case managers, supplies
(such as pharmaceuticals), and equipment
(such as meters for self-monitoring blood
glucose). Funds were first allocated to pro-
grams in October 1998.

Government Performance and Results Act
The Government Performance and Results

Act of 1993 (GPRA) requires federal agencies
to demonstrate that they are effectively using
their funds to meet their missions. Agencies
are required to have a 5-year strategic plan
in place and to submit annual performance
plans and reports with their budget requests.

In the case of the IHS, a GPRA coordinating
committee guides the agency’s annual per-
formance plan development and implementa-
tion and oversees annual performance report-
ing. GPRA performance indicators specific to
diabetes include blood glucose, blood pres-
sure, and cholesterol measures.

The data source for the IHS GPRA annual
performance report is the IHS Diabetes Care
and Outcomes Audit. The measures used in
the audit are comparable to the measures
used for national health outcome indicators
such as the indicators implemented in the
National Committee for Quality Assurance’s
Health Plan Employer Data and Information
Set and the Centers for Disease Control and
Prevention’s Healthy People 2010. Given the
importance of measuring diabetes care out-
comes in response to the GPRA, the IHS has
implemented a number of processes, includ-
ing systemwide training, to increase the accu-
racy and amount of audit data reported.

IHS Diabetes Care and Outcomes Audit
Data for this study were derived from the

1995–2001 Diabetes Care and Outcomes
Audits. IHS and tribal clinic facilities are en-
couraged to maintain diabetes registries for
all individuals with diabetes, and a system-
atic, random sample of records is selected for
review each year. The randomization and
sample collection methods used provide an
estimate of performance for each facility
within 10% of the true rate with a power of
more than 90%.17 Local professional staff
members, supported by regional diabetes
consultants, review paper-based, electronic
medical records, or both, using a uniform set
of inclusion and exclusion criteria and mea-
surement definitions. Abstracted data are
then entered (for manual audits) or exported
(for electronic audits) into a general-purpose,
microcomputer-based software program.
Data from participating sites are combined
regionally and then aggregated nationally to
establish systemwide performance values.

Although national validation studies of the
audit have not been published, several IHS
regional administrative areas have used differ-
ent reviewers to audit the same charts and as-
sess accuracy of the data entry procedures.
An evaluation comparing paper-based and
electronically based data collection showed

good agreement (κ values of 0.78–1.00) at
1 facility (C. Wilson, MD, Phoenix Indian
Medical Center, Indian Health Service, un-
published data, January 2004). Although the
audit includes patients of all ages, we limited
our evaluation to individuals aged 18 years or
older, because diabetes care standards cur-
rently are available only for adults.

Data Collection
Outcome variables. We focused our evalua-

tion on yearly results associated with 3 sys-
temwide diabetes care clinical outcomes—
blood glucose, blood pressure, and lipid
control—from the period 1995 to 2001. The
final value for each variable within the per-
formance year was recorded.

We assessed glucose control by examining
Hemoglobin A1c (HbA1c) levels recorded for
patients included in the audit. HbA1c was de-
termined at local or regional IHS or commer-
cial laboratories throughout the nation using
standard, clinically available assays.

We obtained systolic and diastolic blood
pressure measurements from the recorded
audit measurements. Measurements we ob-
tained as a result of emergency medical care
visits were excluded. We calculated mean
systolic and diastolic levels using the 3 most
recent blood pressure recordings included in
each record.

We determined lipid control using total
cholesterol and triglyceride values, data for
which were widely available throughout the
study period. We obtained these values from
local or regional laboratories throughout the
nation that used standard, available clinical
assays. Missing values precluded assessment
of high-density and low-density lipoprotein
cholesterol levels.

Covariates. Demographic and clinical data
of interest collected through the audit in-
cluded gender, age, height, weight, duration
of diabetes, and treatment type. Age was cal-
culated as date of audit minus date of birth.
Body mass index (BMI) was calculated from
recorded height and weight. Duration of dia-
betes was recorded as time in years since
diagnosis. Treatment type was recorded as
diet and exercise alone (no medication), oral
agent, insulin, or oral agent in combination
with insulin (we combined the latter category
with the insulin group for analysis purposes).
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TABLE 1—Selected Demographic and Clinical Characteristics of American Indians and
Alaska Natives With Type 2 Diabetes: Indian Health Service Diabetes Care and Outcomes
Audit, 1995–2001

1995 (n = 7110) 2001 (n = 15 537)

Gender, No. (%)

Male 2783 (39.1) 6463 (41.6)

Female 4327 (60.9) 9074 (58.4)

Treatment type, No. (%)

Diet and exercise alone 1009 (14.2) 2262 (14.6)

Oral agents 3952 (55.6) 9112 (58.6)

Insulin (with or without oral agents) 2149 (30.2) 4163 (26.8)

Age at audit, y, mean (SD) 55.6 (13.4) 54.9 (13.7)

BMI, mg/kg2, mean (SD) 32.1 (6.7) 33.5 (7.4)

Diabetes duration, y, mean (SD) 9.2 (7.6) 8.3 (7.4)

Note. BMI = Body mass index.

TABLE 2—Adjusted Mean HbA1c, Blood Pressure, Total Cholesterol, and Triglyceride Levels: 
Indian Health Service Diabetes Care and Outcomes Audit, 1995–2001

Year, Mean (SE)

1995 1996 1997 1998 1999 2000 2001 P (1995 vs 2001)

HbA1c, %a 8.9 (0.04) 8.7 (0.04) 8.4 (0.04) 8.3 (0.03) 8.3 (0.03) 8.2 (0.03) 7.9 (0.03) .0001

Systolic blood pressure, mm Hga 134 (0.24) 134 (0.24) 133 (0.25) 134 (0.23) 134 (0.21) 133 (0.21) 132 (0.20) > .05

Diastolic blood pressure, mm Hga 79 (0.14) 78 (0.14) 78 (0.15) 78 (0.13) 77 (0.12) 76 (0.12) 76 (0.12) .0001

Total cholesterol, mg/dLb 208 (0.87) 204 (0.86) 202 (0.89) 204 (0.80) 197 (0.77) 195 (0.77) 193 (0.73) .0001

Triglycerides, mg/dLb 257 (5.02) 238 (5.00) 261 (5.10) 258 (4.65) 246 (4.44) 240 (4.37) 235 (4.16) .0001

Note. HbA1c = Hemoglobin A1c
aAdjusted for age, gender, body mass index, treatment type, duration of diabetes, and facility.
bAdjusted for age, gender, body mass index, treatment type, and facility.

Data Analyses
We conducted a descriptive analysis of var-

iation in terms of the intermediate clinical
outcomes according to the demographic and
clinical variables between 1995 and 2000.
We used analysis of covariance techniques to
estimate mean HbA1c, blood pressure, and
cholesterol values. All trend analyses were ad-
justed for age, gender, treatment type, and fa-
cility from which patient data were collected.
Analyses of HbA1c trends also were adjusted
for BMI and duration of diabetes. Analyses of
triglyceride trends were adjusted for BMI, be-
cause of the positive association between
triglyceride levels and BMI observed in uni-
variate analyses of these variables.

None of the adjustments resulted in statisti-
cally significant changes of the primary out-

come measure, but we included them to help
decrease potential bias. The final analyses
were limited to patients with complete data
for each covariate. SAS software was used in
conducting all analyses.18

RESULTS

The IHS Diabetes Care and Outcomes
Audit included 87048 records of patients
with diabetes who were at least 18 years old
at the time their record was audited. The
number of clinical programs participating in
the audit in a given year varied as a result of
the voluntary nature of the audit, ranging
from 227 to 235 over the 7-year period. Re-
garding the outcome measures, 57942 pa-
tients (66.6% of all patients) had both a

HbA1c (i.e., glucose control level) and com-
plete information on covariates, 65646 pa-
tients (75.4% of all patients) had systolic and
diastolic blood pressures and complete infor-
mation on covariates, and 55170 and 51974
patients (63.3% and 59.7% of all patients,
respectively) had total cholesterol and triglyc-
eride levels and complete information on
covariates.

Table 1 summarizes selected demographic
and clinical measures. In 2001, patients’
mean age was 54.9 years, and the mean dia-
betes duration was 8.3 years. Throughout the
study period, most patients were treated with
a single oral agent or a combination of oral
agents (55.6% in 1995 and 58.6% in 2001),
although use of combination hypoglycemic
therapy increased over time.

We found that HbA1c, diastolic blood
pressure, and total cholesterol and triglyc-
eride levels significantly improved between
the 1995 audit and the 2001 audit (Table 2).
Adjusted mean HbA1c levels decreased sig-
nificantly (P<.0001), from 8.9% to 7.9%.
Systolic blood pressure did not decrease over
the period of the study (P>.05), but mean di-
astolic blood pressure decreased by 3 mm Hg,
from 79 to 76 (P<.0001). Mean total choles-
terol and triglyceride levels decreased from
208 mg/dL to 193 mg/dL (P<.0001) and
from 257 mg/dL to 235 mg/dL (P<.0001),
respectively.

DISCUSSION

Using data collected between 1995
and 2001 from the IHS Diabetes Care and
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Outcomes Audit, we identified changes in
HbA1c, diastolic blood pressure, and total
cholesterol and triglyceride levels among pa-
tients in the IHS health care system. These
changes occurred during an era in which sys-
temwide improvements in diabetes care were
implemented, special congressional appropria-
tions for diabetes treatment and prevention
were made, and an increased emphasis on
federal agency performance measurement
and reporting was applied. Few health care
systems or populations possess this quantity
of data over such a long period with which to
evaluate systemwide changes in diabetes care.
This overall health system view provides a
unique opportunity to evaluate the potential
effects of certain laws along with the policies,
procedures, and partnerships used to imple-
ment those laws.

The magnitude of the improvement in out-
comes over the study period is likely to have
an important public health impact. Epidemio-
logical studies conducted in several American
Indian communities have demonstrated
strong relationships between morbidity and
mortality and blood glucose, blood pressure,
and lipid control,19–21 and intervention trials
involving other populations have demon-
strated the benefits of lowering glucose, blood
pressure, and lipid levels.1–4,22–27 Comparable
clinical trial data are not currently available
for American Indians and Alaska Natives with
diabetes; however, for those who might ques-
tion whether clinical trial results can be gen-
eralized to this patient population, it should
be reassuring to note that American Indians
and Alaska Natives taking part in the Dia-
betes Prevention Program benefited to the
same extent as did other ethnic groups.28

To continue to improve the quality of dia-
betes care, efforts will need to be sustained
and expanded. Congress recently extended
the Special Diabetes Program for Indians for
5 additional years and increased the total
funding amount for each fiscal year from
$100 million to $150 million. Performance
measurement procedures also have improved
systematically. Beginning in fiscal year 2003,
a new software application, GPRA+ (Clinical
Reporting System, Office of Information Tech-
nology, Indian Health Service, Albuquerque,
New Mexico), was deployed throughout the
IHS to support passive retrieval of clinical

data. Congressional performance reporting
now includes both Diabetes Care and Out-
comes Audit data and GPRA+ results. Contin-
ued funding of diabetes programs and evolu-
tion of data collecting systems are important
steps toward sustaining and systematizing dia-
betes care efforts.

Our study involved some limitations. Partic-
ipation in the Diabetes Care and Outcomes
Audit is voluntary; as a result, the facilities
that participated may not be representative of
all facilities. For example, if facilities providing
poorer quality care chose not to participate,
we may have overestimated the health effects.
Also, the audit does not collect information
on income, employment status, mobility, edu-
cational attainment, activity level, or fre-
quency of medical visits. Changes in these un-
measured patient-level factors could have
affected the trends we observed. Because our
analysis involved cross-sectional data, it is ap-
propriate to use caution when generalizing
the differences observed here. To help mini-
mize potential bias, we analyzed differences
after adjustment for age, gender, treatment
type, and diabetes duration. We also analyzed
trends in the data collection process that may
have had an influence on the results ob-
served, including the use of different labora-
tory assays to measure glucose control.

In the past, casual glucose determinations
were used to assess glucose control, but this
method has been replaced by HbA1c assays.
The percentage of patients with measured
HbA1c levels increased from 55% in 1995
to 90% in 2001. To reduce the potential bias
introduced by these changes in percentages,
we conducted several analyses using both
casual glucose values and HbA1c values. We
used the formula

(1) HbA1c=(60.16+mean glucose) / 30.9

to calculate HbA1c values from available
casual glucose values.29 We then examined
glucose control trends among those patients
for whom only a calculated HbA1c was avail-
able. We found the same statistically signifi-
cant downward trend when we used only
calculated HbA1c values as we did with mea-
sured HbA1c values. No changes were ob-
served in the percentage of patients with
measured blood pressure levels or lipid val-
ues over the study period.

In summary, using IHS Diabetes Care and
Outcomes Audit data collected between
1995 and 2001, we identified improvements
in diabetes-related health indicators over
time. The IHS health system data used in
this report offered a unique picture of dia-
betes care quality during a period of in-
creased legislation, partnership, and policy
efforts aimed at improving care of this dis-
ease. The outcomes observed in this article
demonstrate the improvements that can be
achieved when community, health program,
and congressional initiatives focus on com-
mon goals. Despite these positive outcomes,
the continued epidemic growth of diabetes,30

as well as increases in other chronic diseases
and conditions, will require ongoing dedica-
tion to effective resource allocation, program
accountability, and partnership among tribes,
tribal leaders, and federal programs.
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